In this study we evaluated the composition of the crude extract and fractions of Tabernaemontana catharinensis (Apocynaceae) by HPLC/DAD and GC/MS. We also tested the antioxidant capacity and investigated the contents of polyphenols, flavonoids, tannins and alkaloids of T. catharinensis stem bark. The extract and fractions showed inhibition against thiobarbituric acid reactive species (TBARS), in the following order: ethyl acetate (IC 50 = 4.7 ± 0.2 μg/mL) > dichloromethane (23.9 ± 1.1 μg/mL) > n-butanolic (25.2 ± 0.4 μg/mL) > crude extract (38.0 ± 0.07 μg/mL). Moreover, the DPPH assay, presented IC 50 values ranged from 5.6 ± 0.6 to 30.3 ± 1.3 μg/mL. Contents of total phenols, flavonoids, tannins and alkaloids of T. catharinensis followed the order: ethyl acetate > n-butanolic > dichloromethane fractions > crude extract. HPLC/DAD analyses indicated that gallic, chlorogenic and caffeic acids, and rutin, quercetin and kaempferol are components of the species. Taken together, the results suggest that T. catharinensis could be considered an effective agent in the prevention of diseases associated with oxidative stress.
Studies conducted by Boligon et al. [6] demonstrated that the major constituent in the essential oil of T. catharinensis leaves was β-caryophyllene (56.9%) having anti-inflammatory, antibiotic, antioxidant, anticarcinogenic and local anesthetic activities. Here we report the identification and quantitation of phenolic compounds, for the first time, by HPLC/DAD in the crude extract and fractions of T. catharinensis stem bark. We also evaluated the chemical composition of the dichloromethane and ethyl acetate fractions by GC/MS, investigated the antioxidant potential, and evaluated the phenolic, flavonoid, tannin and alkaloid contents using a spectrophotometric method.
The ethyl acetate (EA) and n-butanol (BU) fractions exhibited a high content of phenolics (268.6 ± 0.2 and 174.1 ± 0.2 mg/g GAE, respectively) when compared with the dichloromethane fraction (DCM) (160.2 ± 1.3 mg/g GAE) and crude extract (CE) (133.4 ± 0.3 mg/g GAE). For the determination of flavonoid contents, the EA fraction exhibited the highest value (95.9 ± 0.4 mg/g quercetin), BU expressed the second highest value (91.9 ± 0.3 mg/g quercetin).
On the other hand, CE showed the lowest flavonoid content (71.4 ± 0.5 mg/g quercetin). The quantification of tannin and alkaloids followed the order: EA > BU > DCM > CE (Table 1) . When comparing the results obtained for phenolics, flavonoids, tannins and alkaloids, we observed a relationship between four dosages for all fractions. Schubert et al. [7] , working with Ilex paraguariensis, found phenolic contents ranging from 86.8 to 199.9 mg/g, but in our study we found higher values. Scutia buxifolia showed a variation from 141.1 to 323.5 mg/g; 100.4 to 145.7 mg/g and 66.7 to 176.7 mg/g for phenolic, flavonoid and tannin contents, respectively [8] [9] [10] . [7] . If compared with green tea (Camellia sinensis), the results obtained with T. catharinensis were 2-fold higher than those obtained for this plant, IC 50 = 11.8 μg/mL [2] . Comparing the phenolic contents and flavonoids obtained for stem bark of T. catharinensis, there were statistically significant differences (p < 0.05) between the fractions. However, for tannin, and alkaloids the IC 50 values showed no statistical difference for BU and EA ( Table 1 ). Several authors have described a positive correlation between phenolic content and antioxidant capacity [8, 9] using similar assay systems.
Statistical analyzes revealed that Fe(II) induced a significant stimulation in brain TBARS levels (p < 0.001), which were partially reduced by T. catharinensis fractions and CE in a concentrationdependent manner (p < 0.001; Figure 1 ). The inhibitory potency was in the following order: EA (IC 50 = 4.7 ± 0.2 μg/mL) > DCM (23.9 ± 1.1 μg/mL) > BU (25.2 ± 0.4 μg/mL) > CE (38.0 ± 0.07 μg/mL) ( Figure 1 ). The brain is particularly susceptible to free radical damage because of its high consumption of oxygen and its relatively low concentration of antioxidant enzymes and free radical scavengers. Several studies have focused on the use of natural therapeutic antioxidant compounds that can afford protection in a variety of in vitro and in vivo models of human pathologies, including neurotoxicity models [8, 11] . Phenolic acids, such as gallic acid (GA), caffeic acid (CA) and chlorogenic acid (ChA), and flavonoids such as quercetin (QU), rutin (RU) and kaempferol (KP), are known to have an antioxidative action in vitro and in vivo [12] ; the presence of these substances in the T. catharinensis fractions ( Table 2) can explain the high antioxidant effect of the ethyl acetate fraction of the plant. The IC 50 values of quercetin, gallic acid and rutin against the pro-oxidant Fe (II) were 1.4 μg/mL, 16.3 μg/mL and 25.8 μg/mL, respectively [11] . They can act directly by entering the redox reactions, and indirectly by chelation of Fe (II).
The profile of the main polyphenols of T. catharinensis extract and fractions analyzed by HPLC-fingerprint and quantified showed significant presence of GA, ChA and CA, along with flavonoids Results are expressed as mean ± standard deviation (SD) of three determinations. Different letters in each column represent significant differences using analysis of variance followed by Tukey test (p < 0.005). LOD: limit of detection; LOQ: limit of quantification.
RU, QU and KP. Tables 1 and 2 show that the majority of the phenols is distributed in the polar fractions. Under the experimental conditions used, there were no major differences in the type of phenolic compound found in the crude extract and the fractions obtained from it ( Table 2) .
GC/MS, being a sensitive and precise method, has been widely used for the characterization of apolar substances such as volatile oils, phytosterols and triterpenes. The dichloromethane and ethyl acetate fractions were submitted to GC-MS analysis; the compounds identified for each fraction are summarized in Table 3 . Chemical analysis and antioxidant activity of Tabernaemontana catharinensis Natural Product Communications Vol. 9 (1) 2014 63
In the dichloromethane fraction compounds identified were long-chain fatty acids and precursors of essential oils: hexadecanoic acid (or palmitic acid) (1), hexadecanoic acid methyl ester (2), 1,2-benzenedicarboxylic acid (3), heptadecanoic acid ethyl ester (4), phytol (5), oleic acid (6), 9, 12 octadecadienoic acid (7), 9-octadecanoic acid ethyl ester (8) , Hexadecanoic acid butyl ester (9), dodecanoic acid, 3-hydroxy (10), eicosanoic acid ethyl ester (11) , ethyl iso-allocholate (12) and tetradecane, 2,6,10-trimethyl (13) , which is commonly present in essential oils [13] ; these compounds represent 12.0% of the total described in the fraction (Table 3) . Many fatty acids, such as hexadecanoic acid, dodecanoic acid, tetradecanoic acid, octadecanoic acid, and oleic acid, among others, have been reported to exhibit antibacterial and antifungal activity [14, 15] . Free fatty acids, including long chain unsaturated fatty acids present in the extract of Tinospora smilacina Benth were suggested to be responsible for its anti-inflammatory activity [16] .
Thus the combination of all the saturated and unsaturated fatty acids present in T. catharinensis may be useful for the management of eye pains and inflammatory conditions arising from bacterial and fungal infections, as well as bruises and skin eruptions.
Ethyl iso-allocholate (12) , present in the dichloromethane fraction, has been described previously in the essential oil of the species [6] . This compound is the ester of a bile acid and can act as an emulsifying agent so that fats and oils can be digested by watersoluble digestive enzymes in the small intestine. This constituent may be responsible for the relief of constipation and indigestion.
In this fraction, we identified erythrodiol (14) , which is a precursor of pentacyclic triterpenic acids with antiproliferative, antiinflammatory and proapoptotic activity [17] , as well as oleanolic acid (15), a pentacyclic triterpenoid acid, with anti-inflammatory, anti-tumor, hepatoprotective, vasodilator, anti-diabetogenic, and anti-HIV activities [6, 18] . Campesterol (17) , stigmasterol (18), β-sitosterol (19) , betulin (21) , lupeol (22) , lupeol 20 (29) en-3-ol acetate (3β) (23) and ursolic acid (25) were also identified in the fraction.
Besides the compounds described above, we identified nine indole alkaloids in this fraction (24.0%), namely, voacangine (26), voachalotine (27), voacristine (28), ibogamine (29), 10methoxyibogamine (30), aspidospermine (31), aspidofractinine (32), coronaridine (33) and sarpagan-17-oic acid methyl ester (34). Voacangine (26) is an alkaloid found previously in the root bark of T. catharinensis [2] and is here described for the first time from the stem bark. This compound potentiates the hypnotic effect of barbiturates, and has analgesic and local anesthetic activities. It was also able to induce apoptosis cell death in human leukemic cell line THP-1. Voacristine (28) causes a weak stimulating effect on the central nervous system and has a negative chronotropic effect in rats [19] .
Iboganime (29) is an indole alkaloid found in the bark of T. catharinensis and which acts as an anticonvulsant agent and agent that combats the symptoms of drug withdrawal [2, 3] . Additionally, preclinical studies of ibogamine in rodent models of cocaine and opiate self-administration support the notion that it is an antiaddictive agent. Ibogamine has been reported to reduce effectively drug cravings, withdrawal symptoms, and their tremorigenic, hallucinogenic, neurotoxic and cardiovascular side effects in addicts [20] .
Coronaridine (33) is an alkaloid found in the root bark of T. catharinensis, and leaves stems, barks and roots of T. divaricata. It has been demonstrated as having an effect on autonomic and central nervous system activity, as well as analgesic, inflammatory and hypotensive properties. Recently, coronaridine has also been shown to have a significant AChE inhibitory affect, at the same concentration as physostigmine and galantamine (AChE inhibitors) [4, 21, 22] .
The same compounds as those found in the dichloromethane fraction were also found in the ethyl acetate fraction, with the exception of compounds 3, 4, 10, 11, 13, 21, 24, 27 and 30 .
The results showed that both the ethyl acetate and n-butanolic fractions of T. catharinensis exhibited important in vitro antioxidant properties (inhibition of TBARS production and DPPH scavenging capacity). In part, these effects can be associated with the presence of high amounts of phenolics, flavonoids and tannins. The characterization of apolar substances such as volatile oils, phytosterols and triterpenes by GC/MS in the fractions was described for the first time for this species. More studies are needed to determine whether this medicinal plant could be used industrially as an important source of antioxidants. 
Experimental

Chemicals, apparatus and general procedures:
Determination of total phenolic contents:
The determination of total phenolic content was performed by the Folin-Ciocalteu method, with slightly modifications [8] .
Determination of total flavonoid contents:
The determination of flavonoids was performed as described by Boligon et al. [9] .
Determination of total tannin contents:
The tannin content was performed using the method described by Boligon et al. [9] with some modifications.
Determination of total alkaloid contents:
The alkaloid content was performed using the method described by Boligon et al [9] .
Radical-scavenging capacity -DPPH assay:
Crude extract and fractions were quantified in the presence of DPPH• stable radical, according to a slightly modified method [8] .
In vitro Fe (II)-induced lipid peroxidation in rat brains: Male
Wistar rats weighing 270-320 g and from 3 to 3.5 months old, from our own breeding colony, were kept in cages with 3 or 4 animals in each. The animals were maintained in accordance with the guidelines of the Brazilian Association for Laboratory Animal Science (COBEA) [8] . The concentration ranges of each tested extract were 0.1 to 200 μg/mL. TBARS production was determined as described by Pereira et al. [11] .
Liquid chromatographic conditions:
Phenolic acids analysis was carried out under gradient conditions using RP-C 18 (4.6 mm x 250 mm). The mobile phase was solvent A = water/acetic acid (98:2 v/v) and solvent B = methanol. The gradient program was started following the method described by Boligon et al. [8] , with slight modifications. The limit of detection (LOD) and limit of quantification (LOQ) were calculated based on the standard deviation of the responses and the slope using 3 independent analytical curves, as defined by Boligon et al. [6] .
Statistical analysis: Data from the TBARS assay were analyzed statistically by one-way analysis of variance (ANOVA), followed by Duncan's multiple range tests, when appropriate, using the statistical software SPSS 10.0 for Windows. TBARS graphic was constructed using the Slide Write 4.032 Bit Edition program. Oneway ANOVA, followed by Tukey test, were performed for the total phenolics, flavonoids, tannins, alkaloids and DPPH assays.
